Transformer Protection Relay Setting
Calculation

Transformer Protection Relay Setting Calculation: Ensuring
Reliable and Safe Power System Operations

In modern electrical power systems, transformers are vital components responsible for stepping
voltage levels up or down to facilitate efficient power transmission and distribution. Due to their
critical role, protecting transformers from faults such as overcurrent, short circuits, and abnormal
conditions is paramount. This is where transformer protection relays come into play, providing
automatic detection and isolation of faulty conditions to prevent damage, reduce downtime, and
ensure personnel safety. A crucial aspect of implementing effective transformer protection is the
precise calculation of relay settings. Proper relay setting calculation ensures that protection devices
are sensitive enough to detect faults promptly without causing unnecessary trips during transient
or load variations. This article delves into the comprehensive process of transformer protection
relay setting calculation, highlighting key concepts, methodologies, and best practices to optimize
transformer safety and reliability.

Understanding Transformer Protection Needs

Before discussing relay setting calculations, it’s essential to understand the types of faults and
protection requirements specific to transformers.

Common Fault Types in Transformers

- overcurrent faults: Excessive current flow due to short circuits or overloads. - ground faults: Faults
where one or more transformer windings are connected to ground. - phase-to-phase faults: Short
circuits between two phases. - internal faults: Faults occurring within the transformer’s windings or
core. - external faults: Faults occurring outside the transformer but affecting its operation.

Protection Objectives

- Fast and selective fault clearing: To minimize damage and maintain system stability. - Avoidance
of nuisance tripping: Ensuring protection devices do not trip during transient conditions or inrush
currents. - Coordination with other protective devices: To isolate only the faulty section without
affecting the entire system.
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Types of Transformer Protection Relays

Transformers are protected by various relay types, each suited to specific fault detection scenarios:

Overcurrent Relays

- Detect excessive currents beyond set thresholds. - Used for primary overcurrent protection.

Differential Relays

- Compare currents entering and leaving the transformer. - Sensitive to internal faults; highly
reliable.

Reflected or Restricted Earth Fault Relays

- Detect ground faults with high sensitivity.

Temperature Relays

- Monitor transformer winding and oil temperatures to prevent thermal damage.

Step-by-Step Guide to Transformer Protection Relay Setting
Calculation

Proper relay setting calculation involves understanding transformer ratings, system characteristics,
and fault levels. The process generally follows a systematic approach:
1. Gather Transformer Data and System Parameters

- Transformer rated power (kVA or MVA) - Rated voltage levels (primary and secondary) -
Impedance voltage (percentage impedance, %Z) - Transformer winding configuration - System
maximum and minimum fault levels

2. Determine System Short-Circuit Level
- Calculate or obtain the maximum prospective short-circuit current at the transformer point of
protection. - Use system data and transformer impedance to estimate fault levels.

3. Calculate Base Currents

- Full load current (FLC): \[ |_{full\_load} = \frac{Transformer\ Rating\ (kVA) \times 1000} {\sqrt{3}
\times Voltage} \] - Setting base current (Ib): Typically aligned with the relay's standard current
setting, often a multiple of FLC.



4. Determine Overcurrent Relay Settings

- Set the overcurrent relay (often an inverse time or definite time relay) to trip at a current level
above normal load but below fault current. - Plug setting (PS): \[ |_{set} = \text{Multiplier} \times
| _{base} \] - Time multiplier setting (TMS): Adjust based on coordination and system requirements.

5. Calculate Differential Protection Settings

- Current transformer (CT) ratios are fundamental in differential schemes. - Differential relay setting
(ID): \[ |_{diff} =\frac{l_{primary} - | {secondary}}{CT\ ratio} \] - Percentage differential setting
(P%) is chosen based on transformer size and desired sensitivity. Typical values range from 15% to
20%.

6. Consideration of Through-Fault and Inrush Currents

- Transformers exhibit inrush currents during energization, which can cause false tripping. - Settings
should include: - Inrush restraint schemes. - Filtering techniques in differential relays.

7. Coordination and Backup Protection

- Set relays to ensure selectivity; upstream relays should operate only if downstream relays fail. -
Use coordination charts and time-current curves to optimize settings.

Practical Examples of Relay Setting Calculations

To better understand the process, consider a transformer rated at 1000 kVA, 11 kV/0.415 kV, with a
percentage impedance of 5%.

Example Data

- Transformer rating: 1000 kVA - Primary voltage: 11 kV - Secondary voltage: 0.415 kV - Impedance
(%Z): 5% - System fault level at transformer point: 31.8 kA

Calculations

Step 1: Compute full load current on the primary side: \[ |_{full\_load} = \frac{1000 \times

1000} {\sqrt{3} \times 11,000} \approx 52.5\,A \] Step 2: Determine maximum prospective fault
current: \[ |_{fault} = \frac{System\ Short-circuit\ level} {Transformer\ impedance} \approx
\frac{31,800\,A}{5\%} = 636\,A\] Step 3: Set overcurrent relay pickup: - Using a multiplier of 1.5:
\[ 1_{set} = 1.5 \times |_{full\ load} \approx 78.75\,A\] - Expressed as a multiple of base current: \[
\text{Multiplier} = \frac{78.75}{52.5} \approx 1.5 \] Step 4: Differential relay setting: - Assume CT
ratio is 600/5 A. - To detect internal faults: \[ 1_{diff} = \frac{l_{fault}}{CT\ ratio} =
\frac{636\,A}{600/5} = \frac{636 \times 5} {600} \approx 5.3\,A\] - Set differential relay at
approximately 20% of the rated primary current: \[ |_{diff\_setting} = 0.2 \times |_{full\_load}
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\approx 10.5\,A\] This ensures the relay is sensitive enough to detect internal faults but ignores
inrush and load variations.

Best Practices and Considerations in Relay Setting Calculation

- Use accurate system data: Precise fault level and transformer data are crucial. - Implement
multiple protection schemes: Combining overcurrent, differential, and earth fault protections
enhances reliability. - Account for inrush currents: Use restraint features or harmonic blocking to
avoid false trips. - Coordinate settings: Maintain a clear coordination scheme with upstream and
downstream protective devices. - Regular testing and maintenance: Periodically verify relay
settings and operation to ensure continued protection effectiveness. - Adopt standards and
guidelines: Follow IEEE, IEC, or local standards for relay settings and protection schemes.

Conclusion

Transformer protection relay setting calculation is a critical process that demands thorough
understanding of electrical system parameters, transformer characteristics, and fault behaviors.
Accurate calculations help in designing protective schemes that are both sensitive enough to detect
internal faults and selective enough to prevent unnecessary outages. Following a systematic
approach, leveraging appropriate relay types, and adhering to best practices ensure that
transformers operate safely and reliably within the power system. Properly set protection relays
extend the lifespan of transformers, enhance system stability, and safeguard personnel and
equipment from potential faults. Keywords: transformer protection, relay setting calculation,
overcurrent relay, differential relay, fault current, relay coordination, protection scheme, system
fault level, relay settings, power system protection

Transformer Protection Relay Setting Calculation: Ensuring Reliability and Safety in Power Systems
In modern electrical power systems, transformers serve as critical components that facilitate the
efficient transmission and distribution of electrical energy. Given their vital role, safeguarding
transformers against faults and abnormal operating conditions is paramount. This is where
transformer protection relay setting calculation comes into play—a meticulous process ensuring
that protective devices respond correctly to faults, minimizing damage, downtime, and safety
hazards. Proper relay setting not only shields the transformer but also maintains system stability
and operational continuity. This article delves into the technical nuances of transformer protection
relay setting calculation, providing a comprehensive guide for engineers, technicians, and power
system planners. Understanding the Fundamentals of Transformer Protection Before diving into
calculations, it's essential to grasp the core principles underpinning transformer protection.
Transformers are susceptible to various faults, such as phase-to-ground faults, phase-to-phase
faults, and winding faults. These faults can cause severe damage if not detected and isolated
promptly. Key protection objectives include: - Detecting faults quickly to prevent catastrophic
damage. - Discriminating between normal and abnormal conditions to avoid unnecessary outages. -
Ensuring selectivity — that only the faulty section is isolated. Protection schemes typically involve a



combination of overcurrent, differential, temperature, and other relays, but the focus here is on
setting overcurrent and differential relays, which are most common. Types of Protective Relays in
Transformer Protection 1. Overcurrent Relays (OCR): Detect excessive current flow, indicating a
fault condition. They are generally used in back-up protection schemes. 2. Differential Relays:
Compare the current entering and leaving the transformer. Any imbalance suggests a fault within
the transformer. 3. Buchholz Relays: Gas or oil-based relays that detect internal faults, often used
in oil-filled transformers. While each relay type has its specific application, the primary focus in
setting calculations revolves around overcurrent and differential protections. Step 1: Collecting
Essential Transformer Data Accurate relay setting calculations hinge on precise transformer data.
Key parameters include: - Rated power (S,,..q): in MVA or kVA - Rated voltage (V,...q): primary and
secondary - Impedance voltage (Z;,,): in percentage (%) - Full load current (I ..,): calculated based
on rated power and voltage - Transformer type: delta-wye, wye-wye, etc. - Type of protection relay
employed Example Data: - Transformer rating: 100 MVA - Primary voltage: 220 kV - Secondary
voltage: 22 kV - Impedance voltage: 12% - Transformer type: Delta-Wye Step 2: Calculating Full
Load Current The full load current (l.,..s) is fundamental for setting overcurrent relays. It is
calculated as: \[ |_{rated} = \frac{S_{rated} \times 10~3}{\sqrt{3} \times V_{phase}} \] Where: -
\( S_{rated} \) = Transformer rating in MVA - \( V_{phase} \) = Phase-to-phase voltage in volts
Calculation: For the primary side: \[ |_{primary} = \frac{100 \times 10”3} {\sqrt{3} \times
220,000} \approx 262.3\,A\] For the secondary side: \[ |_{secondary} = \frac{100 \times

1073} {\sqrt{3} \times 22,000} \approx 2623\,A\] Step 3: Determining Overcurrent Relay Settings
a) Setting the Plug-Setting Multiplier (PSM): The overcurrent relay operates when current exceeds a
certain multiple of the rated current. Typical settings range from 1.2 to 1.5 times the full load
current to account for transient surges. b) Calculating the Pickup Current (1 ,..,): \[ |_{pickup} =
\text{PSM} \times | {rated} \] For example, with a PSM of 1.3 on the secondary side: \[ |_{pickup}
= 1.3 \times 2623\,A \approx 3410\,A \] c) Considering Tolerance and Coordination: Relay settings
should be coordinated to ensure selectivity—meaning upstream relays should have higher pickup
settings than downstream ones. d) Incorporate Safety Margins: Adding margins for measurement
inaccuracies, transient conditions, and system variations is essential. A typical margin is 10-20%.
Step 4: Calculating Short-Circuit and Fault Currents Protection relays need to be set considering
maximum possible fault currents. a) Symmetrical Short-Circuit Current (l..): Using transformer
impedance: \[ |_{sc} = \frac{V_{ph}}{Z {imp} \times V_{ph}} \] However, a more accurate
formula considers system impedance, source impedance, and transformer impedance. The
maximum fault current at the transformer terminals can be calculated as: \[ |_{fault} =
\frac{V_{rated}}{Z {total}} \] Where \( Z_{total} \) includes transformer impedance and source
impedance. b) Application in Relay Setting: The relay’s pickup current should be set below the
maximum fault current to ensure reliable operation during faults. Step 5: Differential Protection
Setting Calculation Differential protection is highly sensitive and provides fast detection of internal
faults. a) Basic Principle: The relay compares the sum of currents entering and leaving the
transformer. Under normal conditions: \[ |_{in} \approx |_{out} \] Any imbalance indicates a fault.
b) Setting the Differential Relay: The relay setting (usually a percentage of the transformer rated
current) is based on the CTs ratio, the maximum through-fault current, and the desired sensitivity.
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\[ |_{diff} = K\times | _{rated} \] Where \( K\) is typically 20-30% for high sensitivity. c) Differential
Biasing: To prevent false trips during magnetizing inrush or through-fault conditions, percentage
bias settings or stabilizing elements are used. Step 6: Considering Transformer Impedance and
Percentage Tolerance The impedance voltage (\( Z_{imp} \)) directly influences relay settings. -
Higher impedance: typically allows higher relay settings, reducing false tripping. - Percentage
tolerance: relay settings should accommodate manufacturing tolerances and measurement
inaccuracies, often by adjusting the pickup current by 10-20%. Step 7: Finalizing Relay Settings and
Coordination 1. Establish Settings for Each Protection Layer: - Primary protection (overcurrent,
differential) - Backup protection (overcurrent, time-delayed) - Auxiliary protections (thermal,
Buchholz) 2. Time Coordination: Ensure that upstream relays operate with a time delay longer than
downstream devices to prevent simultaneous trips. 3. Verification and Testing: Once settings are
calculated, they should be verified via simulation and tested during commissioning to confirm
correct operation. Practical Considerations and Best Practices - Periodic Review: Regularly revisit
relay settings due to system changes, aging, or load variations. - Harmonic and Transient Effects:
Account for potential transient conditions that might cause nuisance tripping. - Standards
Compliance: Align settings with standards such as IEC 60255, IEEE C37.2, and regional electrical
codes. Conclusion transformer protection relay setting calculation is a meticulous process that
combines transformer data, system parameters, and protective device characteristics to ensure
reliable and selective fault detection. Properly calculated settings are vital for minimizing
transformer damage, reducing system outages, and maintaining operational safety. As power
systems evolve with increased capacity and complexity, the importance of precise relay setting
calculations grows, emphasizing the need for thorough understanding, rigorous analysis, and
continuous review. By following systematic procedures—collecting accurate data, calculating fault
currents, considering system tolerances, and ensuring coordination—engineers can design effective
protection schemes that safequard critical infrastructure and uphold the integrity of modern power
networks.

Questions & Answers About transformer protection relay
setting calculation

No Question Answer

1 | What are the key parameters to | Key parameters include transformer rated voltage and
consider when calculating current, impedance, winding configurations, fault current
transformer protection relay levels, and the relay's pickup and time settings to ensure
settings? accurate and reliable protection.

2 | How do you determine the The pickup current is typically set based on the
current setting (pickup current) | transformer’s full load current multiplied by a safety
for a transformer protection factor (commonly 1.2 to 1.5), considering potential inrush
relay? currents and transient conditions to prevent nuisance

tripping.




What is the role of the
impedance setting in
transformer protection relay
calculations?

Impedance setting determines the relay’s sensitivity to
faults, ensuring it trips for faults within the transformer
zone while avoiding false trips during external faults or
transient conditions.

How do inrush currents affect
transformer relay setting
calculations, and how are they
mitigated?

Inrush currents can cause false relay operation; to
mitigate this, settings are adjusted with time delays or
harmonic blocking techniques to differentiate between
inrush and fault currents.

What is the typical percentage
margin used in setting
overcurrent relays for
transformers?

A common practice is to set the pickup current at around
125% to 150% of the transformer’s full load current,
providing a margin to account for transient conditions
and setting tolerances.

How are differential protection
relay settings calculated for
transformers?

Differential relay settings are calculated based on the
transformer’s rated current difference, with a percentage
restraint (or stabilization) to avoid maloperation during
through faults, typically set around 20-30% of the rated
differential current.

What is the importance of
setting time delays in
transformer protection relays?

Time delays coordinate the relay operation with other
protection devices, prevent false trips due to transient
conditions like inrush or through faults, and ensure
selective and reliable fault clearance.

How do you verify the
correctness of transformer
protection relay settings after
calculation?

Verification involves simulating fault conditions,
performing relay testing, and ensuring that the relay
operates within its intended settings during faults, while
remaining stable during normal and transient conditions.

What standards or guidelines
should be followed when
performing transformer
protection relay setting
calculations?

Standards such as IEEE C37.2, IEC 60255, and
manufacturer-specific guidelines should be followed to
ensure proper coordination, safety, and compliance with
industry best practices.

transformer relay settings, transformer protection, relay setting calculation, differential relay,

overcurrent relay, breaker coordination, transformer fault analysis, relay setting procedure,

transformer protection schemes, protective relay tuning
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